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ABSTRACT 


Lift, drag and pitching moment data for a NACA 64A-309 foil 
section fitted with a plain sealed flap are presented. The flap hinge 
axis was located at the three-quarter chord point. The influence of 
positive and negative flap angles on the data was evaluated in fully 
wetted and cavitating flows. The data were taken in the two-dimensional 
working section of the GALCIT* High Speed Water Tunnel. 
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TABLE I 


Coo ae 


A. Nomenclature 


Designation Description 
A = Planform area of hydrofoil, B x C 
B = Span of hydrofoil ; 
C, (LC) = Chord of hydrofoil ' 
Cy, (CD) = Drag coefficient, D/q-A H 
| C, (CL) = Lift coefficient, L/q A 
i C yy (CM) = Pitching moment coefficient, M/q,CA 
| 
I D, (DRAG) = Drag force, positive when acting in the direction of 
i flow parallel to the longitudinal centerline of the 
working section 
L, (LIFT) = Lift force, positive when acting upward and normal 
to the direction of flow which is parallel to the 
longitudinal centerline of the working section 
M, (MOMENT) = Pitching moment, positive when tending to rotate 
the hydrofoil leading edge upward about an axis 
taken normal to the longitudinal centerline of the } 
working section through the 50% chord point j 
Poy (PO) = Static pressure of water in working section, t 
absolute ' 
Py, (PV) = Vapor pressure of water at test temperature 
qs, (QO) = Dynamic pressure of water in working section, i 
: ' 
R,» (RN) = Reynolds number, Fas 
V5, (VO) = Water velocity in working section 
Win (WM) = Weight of mercury 


Wy» (WW) = Weight of water } 
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TABLE 1 (cont'd) 


a, (PITCH) = Pitch angle; angle of attack of hydrofoil measured 
between working section longitudinal centerline and 
hydrofoil chordline, positive when leading edge is 
rotated upward 


6, (FLAP) = Flap angle, measured at the center of the hinge, 
positive trailing edge downward 


on, (RHO) = Density of water 
v, (NU) = Kinematic viscosity of water 


c, (SIGMA) = Index of cavitation based on vapor pressure of water 
ee 
Vv 


, 


O 
Go 


TSOP 8 ~ ae SE CIE eee hegre an 


CCN = Card code number, used to identify the nature of 
the data point as follows: * 


CCN 
110 Used to designate data taken with model and 


a: 
120 fairing plate mounted on force balance “f 
130 i 


CCN F 
210 Used to designate data taken with model ; 
220 removed from force balance and mounted 


7 

230 | on opposite sidewall. (Tare readings of i 
fairing disk alone) if 

a 
CCN : 
110 = Pretest reference readings 
120 = Model test data ' 
130 = Post test reference readings i 
210 = Pretest reference readings it 
220 = Fairing disk test data ii 
230 = Post test reference readings 


i 
| 


a ee 


Note: Equivalent nomenclature designation, used in computer printout 
Table Il, appears in parenthesis 


LE Te 


ne 


ALCIT Report 
HSWT 1131 


TABLE 1 (Cont'd) 


B. Terms and Abbreviations Used in 


avitation urvey Description 


Abbreviation 


N = No (cavitation) 


= Yes (cavitation) 

U = Upper surface of foil 
i = Lower surface of foil 
F.P. = Fairing plate (disk) 
L.E. = Leading edge 

T.E. = Trailing edge 

H.L. = Hinge Line 
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FLAPPED HYDROFOIL TESTS 


WATER TUNNEL TESTS OF THE NACA 64A-309 FOIL 
SECTION FYI D WITH AN ADJUSTABLE FLAP 


IN FULLY-WETTED AND CAVITATING FLOWS 
Discussion: 


This report presents the results of water tunnel tests conducted on 
a section of the NACA 64A-309 flapped foil. The primary purpose of the 
tests was to obtain lift, drag and pitching moment during cavitating flows 
as a function of flap angle and also for the determination of the boundaries 
for incipient and desinent cavitation. Reynolds number effect tests under 
these conditions were also conducted. 


These tests were conducted in the High Speed Water Tunnel (HS WT) 
in the GALCIT Hydrodynamics Laboratory* using the two-dimensional ; 
working section. This tunnel uses a closed circuit with a choice of either 
a two-dimensional (6"" x 30") or axi-symmetric (14'' D) working section. 
(See Fig. 1.) 


The model used for these tests was fabricated of 17-4PH steel and 
consisted of a six inch span of the NACA 644-309 foil with a six inch 
chord and fitted with a flap hinged at the 75% chord line. Flap angle 
and pitch angle ranges tested are as follows: flap angle +10° through 


- 5°, pitch angle -5 through +8°. See Index of Data for a more complete 
tabulation. 


The model was supported on the three-component strain gage balance 
which is mounted on the side-wall of the working section. See Fig. 2. The — 
opposite sidewall consists of a 1. 75 inch (4. 44 cm. ) thick aluminum plate with 
a circular Plexiglas viewing window of 7.5 inches (19.05 cm, ) diameter. Tip 


clearance between the model and the viewing window was set at 0.030 inches(0.7omm’ 


Data recorded during these tests include three component force and 
moment data together with a cavitation survey which consisted of recording 
working section pressures of interest. These data are recorded simul- 
taneously for each data point on IBM punched cards using an automatic data 
acquisition system. These data are reduced to the final coefficient forms 
defined in Table I together with the cavitation description and are presented 
in the order of their acquisition in Table II. 


Procedures 


The hydrofoil model was tested using the following proceedure: 
First, the model after having been fixed for the desired flap angle (8) 
was installed in the working section at the selected angle of attack (a). 
With the sideplate back in position, the tunnel was filled with water. 


“For a more complete description of this laboratory see Ward, T.M. 
"The Hydrodynamic Laboratory at the California Institute o 


f Technology - 
1976", J. Fluids Engineering, ASME, Dec. 1976. 


stains tens 


7 
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After appropriate reference data were recorded, the water velocity was 
brought to the desired test velocity (Vo) with the working section pressure 
(Po) simultaneously adjusted to a value corresponding to a desired index 
of cavitation number (9). The force and moment data together with the. 
manometer readings Po and Vo, relating to the conditions in the working 
section were recorded. Data were recorded for the following values of 

o: o = 2.00, 1.25, 0.80, 0.32, 0.22 and additionally for incipient and 
desinent cavitation. 


After all of the model test data were recorded with the model mounted 
on the force balance, the following procedure was used to record the tare 
forces on the model mounting and fairing disk. The model was removed 
from the force balance, inverted, and installed in a support fixture on the 
opposite side plate. A plain flat fairing disk was then secured to the 
force balance and the model tip was fixed to be within 0.002 inch of the 
surface of this disk. Tare forces and moments of the fairing disc in the 
presence of the model were then recorded at all of the model and working 
section conditions encountered in the earlier portion of the testing. 


In some cases, data recording was limited by large unsteady forces 
on the balance experienced when the cavity extended past 50% chord point 
or wuen, at high flap angles, working section pressures in excess of the 
ma2ximum allowable would be required to suppress cavitation. 


Photographs of the model when cavitating for most of the test 
conditions were taken with some examples shown beginning on Photo 
Page 1. The photo numbers are correlated with Run numbers and 
Data point (Card) numbers in Table II’ The complete series of cavitation 
photos is issued as a supplement and is on file with the Navy and the 
Institute. , 


Data Reduction and Accuracy 


Signals from the force balance, manometer readings, model settings, 
physical constants and other data were recorded on punched cards and 
reduced using digital computer processing techniques. These data are 
presented in Table II. 


The proceedures used to generate the data presented in Table IL 
are as follows: Gravity tare values of model forces and moments were 
applied as corrections to the data taken during a run. The data were 
then adjusted to correct for the effect of balance interactions by the 
application of an inverse calibration matrix. Finally, the data were 
corrected for the influence of the fairing disk forces by applicatica of 
the following relations: 


CL = Cy, - CL,” 
CD = Cp, - Cp, 
CM = Cu - Cu, 
*The signs of the measured fairing disk tare coefficients CL, and Cyy 


and identified as CCN 220 in Table II are reversed when used in these 
expressions due to the inverted position of the model. 
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where the values of Cup CD, and CMy were recorded for the conditions 


when the model and balance port fairing disk were attached to the force 
balance and the values of Ci: Cp, and CM; were recorded for the same 


conditions with the balance port fairing disk attached to the force balance 
and the model installed on the opposite sidewall as described above under 
"Proceedures''. No tunnel boundary or other corrections have been applied. 


Manometer indications of velocity in the working section exhibit a 
natural oscillation which has a maximum amplitude change varying from 
approximately + 5% at 10 ft/sec to + 1€ at 60 ft/sec. The oscillation 
is slow and exhibits periods where no fluctuation is detectable. Data are 
recorded during periods of zero fluctuations and it is believed that the 
velocity data presented here are accurate to within +0. 5%. 


Working section pressure indicators exhibit similar oscillations, 
however, the maximum excursions are not as large and the data presented 
here are also believed to be accurate to within + %. 5%. 


Angle of attack settings are accurate to within + 0.1 degree. No 


allowances or corrections have been made to adjust for the effects of model 
deflections due to applied loads or tunnel boundary effects. 


The output of all balance gages, including hysteresis, non linearity 
and repeatability, are linear to within + 0.25% of full range. The data 
system used to process and record the output is accurate to within 
+ 0. 1% of the indicated value. As a result of the above, the force and 


moment data presented are believed to be accurate to within the follow- 
ing limits: 


Lift force; + 2.1 lbs (0.95 kg.) 
Drag force; + 0.5 lbs (0.23 kg.) 


Pitching moment + 3.1] lb-in (0.012 m-kg.) 


This work was performed for the U.S. Navy under Contract No. 
N00014-77-C-0497. 
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Two-Dimensional Working Section Schematic 
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